57:43 weight ratio were ball milled for 24 h in toluene/ethanol solvent with fish oil as the dispersant and corn starch as the pore former. It was further milled for another 24 h after adding polyvinyl butyral (Richard E. Mistler Inc., USA) as the binder and polyethylene glycol (Richard E. Mistler Inc., USA) as the plasticizer. Such prepared slurry was cast into sheet (anode support layer) by using a tape casting machine, then dried in air to obtain the anode support (ϕ16×1.4 mm), to which functional NiO-YSZ (60:40 wt. %, Type F Standard, Inco-TZ8Y, Tosoh) and electrolyte (TZ8Y, Tosoh)
were then screen printed in sequence, prior to sintering at 1390 °C for 3 h. To prepare the baffle and cathode, Ce 0.9 Gd 0.1 O 1.9 (GDC, NIMTE, CAS) and LSCF-GDC (70:30) pastes were then screen-printed successively on the surface of the sintered YSZ electrolyte, followed by sintering separately in air at 1300 °C and 950 °C for 2 h to complete the fabrication of the anode-supported cells. The size of the obtained SOFC button cell was about ϕ13×1 mm with an active area of 0.5 cm 2 (cathode). The NiCuO-Ce 0.8 Zr 0.2 O 2 slurry was painted on the outer surface of anode and sintered at 900 ºC for 2 h in air.
Preparation of the LSCF-GDC cathode and NiCuO-ZDC catalyst slurry
The cathode and the catalyst pastes were prepared by ball milling the powder and a self-made binder with a weight ratio of 50:50 for 1 h. The self-made binder was prepared by adding 4 wt. % cellulose into 96 wt. % terpilenol, followed by stirring and heating at 80 °C to completely dissolve the cellulose.
Catalytic activity evaluation
The catalytic activity and sulfur tolerance of Ni-YSZ (57:43, sintered at 1390 ºC) and NiM (M= none, Co, Cu, Fe)-ZDC were compared. Catalytic activity measurements for dry reforming of methane (DRM) reaction were performed at atmospheric pressure using a compound of 0.2 g catalysts and 0.4 g catalytically inactive quartz powder, which was sieved into the particle size ranging from 30 to 60 mesh and packed on a bed of quartz tube. Prior to the catalytic evaluation, the samples were heated up to 850 ºC and reduced in H 2 for 5 h. As regard the assessments of the sulfur tolerance, the reduced catalysts were exposed to H 2 -500 ppm H 2 S for 5 h prior to the test. The gas mixtures of sweet CH 4 -CO 2 (mole ratio=1: 1) or sour CH 4 -CO 2 (mole ratio=1:1, and balanced with 50 ppm H 2 S) were fed into the reactor at the flow rate of 20 ml min -1 . Compositional analysis of the effluent gases was performed with a gas chromatography (GC, Hewlett Packard Series two). The catalytic reactions were performed at the temperatures ranging from 550 to 800 ºC up to 48 h. The percentages of CH 4 conversion and CO selectivity were calculated according to Eqs.1 and 2, separately.
Carbon deposition resistance evaluation
The carbon deposition resistance of the catalysts was evaluated by analyzing the nature of the carbon deposited on the catalyst through Raman spectroscopy. To accelerate the rate of carbon formation on the catalyst, we exposed the asreduced/treated catalysts to pure CH 4 at 800 °C for 30 min and cooled them down to room temperature in H 2 , followed by carrying out the Raman tests.
Other Characterizations
The X-ray diffraction (XRD) of as-synthesized and reduced powder was identified by using Cu Kα radiation at a tube voltage of 40 kV and a tube current of 44 mA, within a 2θ range between 20° and 80° at 1 deg. min -1 . The microstructures of the samples were examined by using scanning electron microscopy (SEM, JEOL 6301F). Raman spectrometry (Thermo Nicolet Almega XR Raman Microscope) was employed to detect the graphitization degree of deposited carbon on the catalyst. The NiCu-ZDC was also analyzed by transmission electron microscopy (TEM, JEOL 2200 FS). A SDT-Q600 (TA instrument, USA) machine was used to carry out the thermogravimetry analysis (TGA) experiments of the catalyst reduction process. The carbon depositions on the catalysts were quantitatively investigated by using temperature programmed oxidation [TPO via coupled TGA-Mass Spectrometer (MS, Pfeiffer Vacuum GmbH)]. A typical mass spectrogram, obtained from the TPO test, demonstrated that the removal of carbon deposition is accompanied by the consumption of O 2 and generation of CO 2 . It is also known from the spectrogram that the process of carbon oxidation started at the temperature around 400 °C.
Results and discussion

